The Lake Rossignol Wilderness Area is a 4100 ha protected area in Queens County, Nova Scotia. In July, 2006, the Protected Areas Branch of Nova Scotia Environment invited 34 scientists, students and volunteers to conduct a four day bioblitz of this little studied protected area. Surveys were conducted for reptiles, fish, vascular plants, fungi, lichens and bryophytes. Physical and biological attributes of peatlands and dendrochronological studies were also conducted. A total of 294 species were identified during the survey, 285 of which are new records for the Wilderness Area. Dendrochronological analysis suggests trees at the site have been growing in place for at least the last 350 years.
INTRODUCTION
The term bioblitz was first used during an event held at the Kenilworth Aquatic Gardens in Washington, D.C. in 1996 (Shorthouse 2010) . Since then, the bioblitz has become a useful technique for scientists to rapidly assess the biodiversity of protected areas, establish new species records and in some cases identify new species to science. A new species of fungus, Trifoliellum bioblitzii, was found in 2009 during a bioblitz of the Blue Mountain-Birch Cove Lakes Wilderness Area in Nova Scotia. Other events have also revealed significant new species. For example Harper et al. (2009) described two species of a newly identified genus as a result of a marine bioblitz in New Zealand (2009) . In addition to establishing new species records (for example see Lewington and West 2008, Karns et al. 2006 ) the bioblitz can lead to the discovery of biodiversity hotspots (Graham et al. 2010) . Some bioblitzes are taxa specific such as the annual Biological Survey of Canada insect blitz (Shorthouse 2010) , the Tuckerman workshop survey for lichens and bryophytes (Lendemer and Hodkinson 2009) or the more specific exotic herpeto-faunal bioblitz in Barnacle Historic State Park in 2005 (Meshaka et al. 2008 ).
There are several reasons for conducting bioblitzes in Nova Scotia. Foremost is to increase knowledge about the biota found in little studied protected areas of Nova Scotia. The opportunity for scientists of different disciplines to interact and learn about other specialities has often been cited by participants as an important part of the survey event. The survey can also be a useful learning experience for students and volunteers who participate.
In 2004 the Protected Areas Branch of Nova Scotia Environment, in conjunction with the Biology Department of St. Francis Xavier University, conducted the first multi-disciplinary bioblitz in Nova Scotia at Canso Coastal Barrens Wilderness Area. Ten scientists and students conducted an inventory of a variety of species groups over a single day. Since then, the Protected Areas Branch has conducted three more bioblitzes in other protected areas (Scatarie Island, Lake Rossignol, Tangier Grand Lake) ranging from two to four days.
In 2006, the Protected Areas Branch invited 34 scientists, students and volunteers to a bioblitz in the Lake Rossignol Wilderness Area. Participants conducted inventories between 26 and 29 July 2006 in a variety of disciplines. Some sampling was also conducted in 2007 and 2008 .
The Lake Rossignol Wilderness Area is a 4100 ha protected area in Queens County, Nova Scotia. The area was designated in 1998 under the provincial Wilderness Areas Protection Act. This Act restricts activities such as development, forestry, mining and destruction or removal of natural materials. The Lake Rossignol Wilderness Area was designated in part to protect representative ecosystems of the LaHave Drumlins and Lake Rossignol Hills Natural Landscapes (Cameron 2004, Lynds and LeDuc 1995) .
Historical human impacts to North Queens County have included forestry and agriculture. Forest was cleared for agriculture with about 4.4 % of North Queens under agriculture in 1870, although this declined to about 1.1% by 1966 (Telfer 2004) . Forestry in the area was historically limited to small patches and individual trees but more recently has included larger clearcuts and conversion of mixed forest to plantations (Telfer 2004) . Lake Rossignol was dammed in the 1920's by forestry companies which considerably enlarged the lake converting previous forest to lake (Davis and Browne 1996) . Lake Rossignol Wilderness Area is relatively remote and has seen little recent human activity. However, there has been some recent forest harvesting and road construction around the Wilderness Area (Cameron 2004) . There is also some evidence of past forest harvesting and farming in the Wilderness Area (R. Cameron pers. comm.). Atmospheric deposition of non-marine SO 4 and NO 3 between 1977-1980 has led to the acidification of lakes in southwest Nova Scotia (Underwood et al. 1987) . Although SO 4 and NO 3 have declined in the last several decades, deposition has continued to exceed critical loads for upland forest soils and aquatic ecosystems (Ouimet et al. 2006 , Environment Canada 2004 . The susceptibility to acid precipitation is largely due to the low buffering capacity of acid bedrock and soils in that part of Nova Scotia (Davis and Browne 1996) .
Although the Lake Rossignol Wilderness Area was designated to protect representative ecosystems, there have been no systematic biological surveys of the area with the exception of some vegetation surveys collected in 1992 and 2003 (Cameron 2004 . These data collections were confined to forest ecosystems and no study had been conducted in the large area of wetland in the southern portion of the protected area (Davis and Browne 1996) . Lake Rossignol Wilderness Area was considered a likely candidate to provide habitat for a variety of rare species. Two lakes within the Wilderness Area and six lakes that border it provide potential habitat for coastal plain flora, eastern ribbon snake (Thamnophis sauritus) and Blanding's turtle (Emydoidea blandingii). Large wetlands in the Wilderness Area are also potential habitat for coastal plain flora.
METHODS

Study Area
The (Figure 1) . The Wilderness Area is in the north temperate forest region with high annual precipitation (1200 to 1400 mm) and relatively warm summer temperatures (average July temperature of 18 o C). Underlying geology is mainly quartzite overlain with stony or silty till, silty till drumlins and organic material. Mature mixed forests dominate much of the protected area but large wetlands are found in the south-eastern portion. There are three lakes within the protected area, Big Rocky, Little Rocky and Moccasin Lakes with an area of 263 ha, 51 ha and 73 ha respectively (Cameron 2004) .
Adjacent to Lake Rossignol Wilderness Area is property owned by Bowater Mersey and under conservation easement with the Nature Conservancy of Canada. This area was visited on 27 July 2006 by the survey participants. Data from this area are included in this study.
Fig 1
Map of Lake Rossignol Wilderness Area, Nova Scotia showing general location and major features.
Biological Sampling
Fish
Standard minnow traps and fyke nets (length 3 m; mouth 0.40 m 2 ; mesh size 1.5 cm) were set between 26 and 28 July in three lakes within the Wilderness Area -Big Rocky Lake, Moccasin Lake, and Apple Tree Lake. Minnow traps were baited with beef liver. Captured fish were identified to species, measured for length and either returned unharmed to the water or sacrificed (two fish) to be archived in the collection at St. Francis Xavier University, Antigonish, Nova Scotia.
Turtles
A combination of visual surveys and live-trapping was employed. Visual surveys were conducted each day for about 2 hours, while setting, checking, and removing aquatic hoop-net live-traps baited with sardines. On July 26, 2007, 12 live-traps were set and baited along the length of Moccasin Lake Brook, in suitable turtle habitat (stillwaters with dense aquatic vegetation). The traps were checked once a day, for three days, and were removed on July 29, 2007. Setting 12 traps for 3 nights yielded a total of 36 trap-nights, and about 8 hours of visual survey time. All trap-captured turtles were identified and released immediately after capture.
Snakes
Visual surveys were conducted on July 28 and 29, 2006, along the shore of Lake Rossignol, Moccasin Lake Brook, and in a swamp adjacent to Lake Rossignol. These surveys involved observers walking or canoeing in parallel transects through the wetland with 1-10 m between each observer. Attempts were made to catch eastern ribbon snakes when observed; all snakes were released at the point of capture. A total distance of 6009 m was covered by walking, 499 m covered by canoe, and 9.7 hr of observer effort was exerted.
Vascular Plants
Vascular plants were identified and collected between 26 and 28 July, 2006. Five to seven observers with one recorder visited different areas of the Wilderness Area each day and a separate species list was generated for each day. If a plant species was encountered on more than one day, duplicate specimens were not collected. Digital photos and Global Positioning System (GPS) coordinates were taken at collection sites with rare or unusual species or particularly rich sites. Collections were made of each species encountered and were later pressed and deposited at the E.C. Smith Herbarium at Acadia University or the Nova Scotia Museum of Natural History Herbarium. Nomenclature follows Zinck (1998) .
Fungi
The collections of fruiting bodies of fungi were made on 26 July, on the west facing hillside in the north eastern end of the Wilderness Area and on 27 July in the Bowater Mersey -Nature Conservancy of Canada conservation easement.
Photographs were taken of the cap, gills, and stipe of each specimen. Specimens could not be preserved, but spores were kept when spore prints were produced. Measurements of cap diameter and of stipe length and diameter were recorded. Identification to species was done in the field and later with photographs and spore prints.
Lichens
Two habitat types were selected for intensive survey; a small unnamed brook connecting Carrigan Lake and Big Rocky Lake and a treed swamp south of Little Rocky Lake. These habitat types are commonly targeted by the authors for surveys because of the high diversity of macrolichens expected to be found on both hardwood and coniferous species. Although most of the surveying occurred in these two habitats, observations were not limited to them and opportunistic collections were also made in other locations. Identifications were made in the field. Those species that could not be identified in the field were collected and later identified in a labratory using various keys. Collections were made of thirty-nine specimens which were later deposited in the Nova Scotia Museum of Natural History.
Bryophytes
Bryophytes were identified or collected between 26 and 29 July, 2006, and 22 April, 2008 . Species identified in the field were recorded by substrate on which they occurred. Species that could not be identified in the field were collected and later identified in the laboratory using Ireland (1982) . Collected specimens were deposited at the Nova Scotia Museum of Natural History. Searches for bryophytes were conducted such that a variety of habitats and substrates were visited. Habitat types visited included mature mixedwood and hemlock forest, treed fen, brook and lake riparian zones.
Dendrochronology
Standard dendrochronology practices were used to sample 24 eastern hemlock (Tsuga canadensis) trees at the Bowater MerseyNature Conservancy of Canada conservation easement. Two cores were taken at breast height for each tree. Cores were taken at 180° to one another since the trees were found growing on a slope. This was done to acquire cores that could be used together to derive the average growth of the tree species at the site.
All cores taken were transported back to the Mount Alison Dendrochronology Labratory, air dried, and glued into slotted mounting boards. The cores were then sanded to a 600 grit polish. The ring widths of each sample were measured using a WinDendro computer software system and a high resolution flatbed scanner. All ring widths were measured to 0.001 mm. Ring width patterns for each species were cross dated both visually and statistically using program COFECHA (Holmes et al., 1986) . COFECHA correlations were derived using 50 year segments lagged successively by 25 years. Tree patterns that exhibited correlation coefficients greater than 0.3281 were significant to the 99% level. Each data set was then analyzed with program ARSTAN (Cook 1999 ) with a single detrending method to derive a master average chronology that illustrated the unified growth signal of all trees.
Intensive focus of a Peatland
The diversity of four different taxonomic groups was surveyed within the peatland using standardized methods:
Odonate Sampling -Sampling took place as observers moved through the study site in a semi-random fashion. Upon entering a bog, a random direction was chosen from all possible directions that led away from the edge of the bog. This direction represented a linear transect which was walked by the observer until an adult odonate was encountered. Odonates encountered were captured using white 33 cm diameter aerial insect nets with a 1.5 or 0.6 m handle. When possible, odonates were identified in the field and released after adding a small mark to their wing using a waterproof pen to prevent double counting. However, when field identification was not possible, specimens were collected and preserved for later identification. After capture, a new random direction was chosen and this process was continued. When observers encountered the bog edge during transects, a new random direction was chosen that led away from the edge of the bog.
Collected specimens were defatted using a 24-36 hour acetone bath and then air dried for preservation. Odonates were identified using a standard dissecting microscope and a range of taxonomic keys.
Tabanids (horse and deerflies) of the family Tabanidae were sampled by hand netting and with modified Manitoba traps. Manitoba traps are plastic and wooden cones that were baited with a suspended beach ball covered by a garbage bag and Octanol, a tabanid attractant. Female tabanids attracted to the trap tend to fly upwards, funneled by the cone shape of the trap, into the collecting head. A 2 cm 3 cube of Vapona (Scotts Canada Ltd.) was placed in the collecting head to act as an insecticide. Males were captured by aerial net as they are not attracted to traps. A trap was placed in an open area of the bog, approximately 10 m from the tree-line for approximately 3 hours. Typically, sampling occurs for longer trap sessions and for a minimum of three periods during the summer; late May-early June, early-mid July, and early-mid August. The extended trapping time was not done in this study because of the short duration of the survey.
Collected specimens were initially frozen. Individual specimens were prepared and pinned within three weeks and subsequently identified to species with a binomial key. Individuals of the genus Atylotus were not identified due to a small number of specimens to examine, and lack of access to reference material.
Vegetation -Woody vegetation and Sphagnum moss diversity was surveyed using three 2 X 50-m belt transects. Each transect was established in random directions from the peatland edge in different sub-habitats within each bog (e.g. lag swamp, open bog, shrub bog, treed bog, poor fen). All species of woody vegetation under 2-m and Sphagnum mosses that were encountered within the belt transect were recorded and relative abundance scored. Habitat and habit of each recorded Sphagnum species was noted (e.g. hummock, hollow, lawn, submerged, etc.).
Other Species -All observations of orchids, reptiles and amphibians were recorded during other activities. Additional time was spent around pools searching for amphibians.
RESULTS AND DISCUSSION
Turtles
Two snapping turtles (Chelydra serpentine L.) and twelve painted turtles (Chrysemys picta Sch.) were captured in the aquatic live-traps. No turtles were seen during visual surveys.
Two of the four species of freshwater turtle known to exist in Nova Scotia were confirmed to reside in the Lake Rossignol Wilderness Area. Even though no wood or Blanding's turtles were seen or captured, we cannot prove their absence, and more time and effort would be required to be conclusive. The nearest Blanding's turtle population is in Kejimkujik National Park, roughly 9 km northwest of Lake Rossignol Wilderness Area (McMaster and Herman 2000) . Wood turtles are better known from northern Nova Scotia and southern Cape Breton Island (Gilhen 1984) , although there are some records for Annapolis County in the Atlantic Canada Conservation Data Centre Records.
Snakes
Although surveys were targeted for the eastern ribbon snake (Thamnophis sauritus), a threatened species in Nova Scotia under the Nova Scotia Endangered Species Act, three of the other four snake species found in this province were also observed ( Table 1 ). The eastern ribbon snake is a cryptic species making sightings infrequent. There were two observations of eastern ribbon snakes -at Moccasin Lake Brook and Little Rocky Lake. Although these two sightings provide us with little information on the density of eastern ribbon snakes in this area, it does provide us with more information on the distribution of the species.
Eastern garter snakes (Thamnophis sirtalis), eastern smooth green snakes (Opheodrys vernalis), and redbelly snakes (Storeria occipitomaculata) are fairly common throughout their range (Gilhen 1984) . During the survey 2 eastern garter snakes, 4 smooth green snakes, and 1 redbelly snake were observed. Although our surveys were not targeted for these species, multiple observations suggest that these populations may be healthy.
Fish
From a total of 327 trap-hours (32% at each of Apple Tree and Moccasin Lakes, 36% at Big Rocky Lake) and 80 fyke net-hours (all at Big Rocky Lake), 30 individual fish were captured (Table 2) . Within Apple Tree Lake, American eel (Anguilla rostrata Lesueur) and yellow perch (Perca flavescens Mitchell) were captured. In Moccasin Lake, yellow perch and golden shiner (Notemigonus crysoleucas Mitchell) were collected while in Big Rocky Lake, American eel, white perch (Morone americana Gmelin) and brown bullhead (Ameiurus nebulosus Lesueur) were captured in the fyke nets.
Captured fish, except American eel, were selectively measured (not every individual measured) and displayed mean size (+SD; sample size) of 19.0 cm (+3.6; N=4) for white perch, 7.45 cm (+2.4; N=10) for yellow perch, and 7.75 cm (+0.35; N=2) for golden shiner. Eels were not measured but length of sampled eels were estimated at ~40 cm. The sole brown bullhead was 13.5 cm (TL). This survey of the three lakes found only five fish species. Alexander et al. (1986) list 14 fish species found in 58 lakes in Queens County, of which eight species were found in more than 5 of the 58 lakes. In addition to the five species presented here, the other three species listed by those authors were brook charr (Salvelinus fontinalis), white sucker (Catastomus commersoni), and banded killifish (Fundulus diaphanous). Peterson and Martin-Robichaud (1989) attempted to define fish assemblages in lakes of Nova Scotia and the sampled lakes reported here would likely fall within their Assemblage 3 (white sucker, brown bullhead, yellow perch; also containing golden shiner, pumpkinseed sunfish (Lepomis gibbosus), and chain pickerel (Esox niger)). Alexander et al. (1986) also reported significant positive correlations between presence of yellow perch and each of golden shiner and brown bullhead, and between brown bullhead and each of golden shiner and white sucker. Thus, we suspect that the community of these lakes most closely resembles Assemblage 3 of Peterson and Martin-Robichaud with the sampling missing the presence of the white sucker. Alexander et al. (1986) also showed significant negative correlations for presence between brook charr and each of yellow perch and golden shiner, therefore, their absence in the sample results is expected. Big Rocky Lake, with its presence of white perch, may represent a slightly different fish assemblage, or the capture of this species may simply reflect the different sampling methods (fyke net rather than minnow traps).
Future sampling in this area should include multiple methods (fyke net, beach seine, minnow traps, angling) in each lake and the collection of basic water chemistry data (pH, color, Secchi depth).
Vascular Plants
One hundred species of vascular plants were found (Table 3) . Plant species were typical of the various habitats visited and no at-risk species were encountered within the Protected Area. An unusual hybrid was collected in the bog on July 28 th : Platanthera blephariglottis X dilitata. This hybrid was later confirmed by M. Zinck, botanist at the Nova Scotia Museum of Natural History and the specimen is now held in the museum collection. An incidental collection of downey rattlesnake plantain (Goodyera pubescens), was made just outside 
Fungi
Thirty-four species of fungi were identified (Table 4) . Most of the fungi were mycorrhizal and common. One identification is still in question and may not be common. Ten specimens on day one and 15 specimens on day two produced spore prints to help with identification.
Lichens
Sixty-one macrolichen species were recorded (Table 5 ). The most significant species observed along the brook site was Anzia colpodes, which is known from most of eastern North America (Brodo 2001) but has been reported from only eight counties in Nova Scotia (Anderson, in prep.) and is not considered widespread in those areas.
Cyanolichens of interest observed included Coccocarpia palmicola and Leptogium corticola, both designated Yellow or Sensitive species by Nova Scotia Department of Natural Resources (Anderson 2007).
The treed swamp selected for the survey proved less interesting due to immaturity of tree species and soil dryness, however Fuscopannaria ahlneri listed as Red or At Risk or May Be At Risk was observed on rock. No specimen was collected at the time due to its rarity.
Bryophytes
Forty-eight species of bryophytes were identified and collected (Table  6 ). All species were mosses with the exception of four liverworts. All species are relatively common in the province (Ireland 1982) with the exception of Buxbaumia aphylla and Sphagnum torreyanum which are considered S2 (May be vulnerable to extirpation due to rarity or other factors, 6 to 20 occurrences or few remaining individuals) and Mnium stellare and Sphagnum angustifolium which are considered S1 (Extremely rare-may be especially vulnerable to extirpation, typically 5 or fewer occurrences or very few remaining individuals) by the Atlantic Canada Conservation Data Centre. Thirty-six species are terricolous, eight species are epiphytic, two species were found on rotted wood, one was found on rock and one species on rock in water. 
Dendrochronology
Thirty-eight of the 42 cores collected during the Bio-Blitz project illustrated a radial growth pattern and were averaged into a master chronology for the site. The chronology illustrates a similar growth trend to other eastern hemlock found in the region Laroque 2008, Campbell and Laroque 2007) and spans the time frame from 1661 to 2006, a 346 year interval.
In general, during the last ~100 years, radial growth changed from a low at the end of the 19 th century, to its best growth during the 1930s and 1940s. From that period until the mid-1970s radial growth was reduced, but it has since taken a marked upturn and is again exhibiting some wide radial growth in the last 30 years, coinciding with recent warming trends in the climate. The data collected at the Bio-Blitz site contributes to understanding the protected area. Trees at the site have been growing in place for at least the last 350 years.
Peatland
The peatland had vegetation suggestive of a fen such as sedges and grasses. However, it also contained several plant species that are more typical of poor-nutrient ombrotrophic bogs, including black crowberry (Empetrum nigrum) and lambkill (Kalmia angustifolia) (Crum 1992) .
Plant species richness of the Lake Rossignol Wilderness Area was high compared to other peatlands in the region (D. Hurlburt, unpublished data) ( Table 7) . Fourteen Sphagnum species (44 % of Nova Scotia total) and 22 woody vegetation species (14 % of Nova Scotia total) were observed. However, tabanid and odonate diversities were lower than expected with only nine species of odonates and four species of tabanid flies recorded. It is suspected that the overcast, wet and cool weather on the sampling day was not amenable to insect emergence and flight.
Seven of thirty-five species of vascular plants found are of a Coastal Plain Distribution. All of these species are both locally and globally secure (Zinck 1998) .
CONCLUSION
The scientific usefulness of the bioblitz was clearly demonstrated. A total of 294 species were identified during the survey, 285 of which are new records for the Wilderness Area. The identification of sites of five species-at-risk will enable protected areas managers to tailor management plans to ensure their conservation. These findings also highlight the importance of protected areas to species-at-risk conservation. The data from this study can also provide a base from which to build a more complete inventory of the Wilderness Area. Another area where bioblitzes can be useful is the identification of invasive species which require monitoring or control (Meshaka et al. 2008 , Karns et al. 2006 . Although this study did not result in the identification of invasive species in the Wilderness Area, more intensive surveys may be needed. This bioblitz brought together scientists from a variety of disciplines that might not normally interact and may result in further collaborations among disciplines and agencies.
